Aims: The study proposes Acoustic Radiation Force Impulse (ARFI) assessment of the masseter muscle elasticity in the healthy population and in patients who have undergone head and neck radiation therapy. Patients and methods: Twenty-five healthy controls constituted group A, and 13 patients who had underwent radiotherapy (35Gy minimum) formed group B. ARFI was performed bilaterally in the periphery (P) and the muscle center (C), in relaxation and contraction. Means and standard deviations were obtained for the recorded shear waves velocities (SWV). 
Introduction
The elasticity of tissues is influenced by particular physiological as well as pathological entities. In the masseter muscle the most common pathological conditions encountered are hypertrophy, myositis, and rhabdomyosarcoma. Frequently the muscle is affected in some neurological syndromes (paresis, paralysis), and, as in the case of older patients, it becomes atrophic [1] . It is known that tooth extraction and the subsequent decrease in the number of functional tooth units, in the advanced stages, can lead to decreased masticatory muscle force. Some authors have described that changes in muscle thickness can be recovered after oral rehabilitation [2] . Various entities such as occlusal disharmony, disruption of the dynamics in the temporomandibular joint (TMJ), and bruxism reflect on the masseter, causing stress, tension, and pain. Moreover, the involvement of the masseter muscle in the myofascial pain syndrome is recognized, and this pathology can evolve with hemifacial swelling [3, 4] .
Sonoelastography is a relatively new technique that allows the investigation of tissue elasticity. The two directions in the development of the method are based on the evaluation of the strain stress and of the shear waves. Both are non-invasive, but the determination of the propagation velocity of the shear waves (SWV) using the Acoustic Radiation Force Impulse method (ARFI) holds the advantages of a quantitative estimation and a reduced operator dependency.
There are numerous published studies concerning the diagnostic benefit of the method in different situations. Special interest was given to the assessment of liver pathology [5, 6] . In terms of applications on the neck and maxillofacial region, the focus was directed mainly on the oncological pathologies involving the lymph nodes [7] [8] [9] , thyroid [10, 11] and salivary glands [12] [13] [14] .
Studies regarding the ARFI evaluation of the masticatory muscles are scarce. From the available data, this study is the first to question the feasibility of the ARFI method on the masseter muscle. The study proposed two principal objectives: firstly, the evaluation of the masseter muscle stiffness in the general population, taking into account the implications associated with the type of mastication and, secondly, the evaluation of the muscle stiffness secondary to radiotherapy in the head and neck region.
Material and methods
This prospective study was conducted during February-April 2013 and received the approval from the Ethics Committee of the University of Medicine and Pharmacy Cluj-Napoca. Prior to admission the patients were informed of its purpose and an informed consent was obtained from all participants.
The study group included 25 voluntary healthy patients described below as group A (age 25.6±8.4 years, M:F =9:16). The inclusion criteria were: unaltered general state, absence of maxillofacial trauma, absence of maxillofacial surgery, absence of myofascial symptoms, normal occlusal status, and no history of TMJ alterations.
Thirteen patients who underwent radiotherapy for nasopharyngeal carcinoma were allotted to group B (age 50±11.93 years, M: F=9:4). The inclusion criteria were: a minimum dose of 35 Gy, a minimum interval of six months after the last exposure to radiation, the absence of surgery in the masseter region, good health status. During radiation therapy planning, all of the critical adjacent structures to the nasopharynx (e.g. brainstem, optic lens, salivary glands) including the masseter, were carefully outlined and the doses to these organs were lowered as much as possible, without affecting coverage of the tumoral target.
Before the ultrasound examination each patient was clinically examined and questioned about the masticatory predominance (classified as right, left, alternative or unknown).
Two experienced examiners performed the ultrasound examinations (ATS, IB). The equipment consisted of the Siemens S2000 equipped with an 8-14 MHz linear transducer and the software for the ARFI quantitative examination.
Patients were positioned on the examination bed in a supine position with the head half extended. The muscle assessment was performed bilaterally in relaxation and contraction. In the case of muscle contraction, the patients were asked to perform a moderate contraction. In both cases patients were asked to suppress swallowing.
The grey scale examination was performed at a frequency of 8 MHz, using a single focus located under the muscle. The section planes were positioned perpendicular and parallel to the direction of the muscle fibres, consequently measuring the maximum thickness of the muscle in the middle third of the ramus of the mandible.
Colour Doppler ultrasound examination was used to identify the main intramuscular vascular branches.
Consequently the ARFI mode was activated. The predefined region of interest (ROI) was placed just below the superficial fascia -described here as the periphery, and at the center of the muscle immediately below the peripheral region -hereinafter referred to as the center (fig 1) . The main vascular branches and the intramuscular fascial components were avoided. The focus was placed on the region of interest. In order to avoid possible errors, the pressure applied by the transducer on the skin was maintained at a minimum level [15] .
The optimal assessment was characterized by obtaining 10 valid measurements of the area of interest, regardless of the number of repetitions needed. Invalid measurements were represented by the system as XXXX / 0''. The SWV values were expressed in m/s.
The statistical analysis was performed using SPSS Statistics (version 20) and Microsoft Excel 2007. For the comparison of means the Pearson test was used. The same test was applied to identify correlations (sex and the type of chewing in relation to the SWV values). The level of statistical significance was set at p=0.05. Data are presented as mean±standard deviation (M±SD).
Results
In group A for the relaxed muscle, there were no difficulties in achieving the required ARFI measurements in The examination during contraction was insufficient for one healthy subject, in the right side (periphery and center). In group B, in 3 patients there were difficulties in obtaining the required number of values in the periphery of the right masseter. For these patients and another additional two patients, measuring the velocities in the masseter center was impossible as well. Six of the examinations on the left masseter muscle during contraction, peripherally, and 5 centrally were excluded.
For the measurements acquired in the optimal range, the SWV (m/s) values are presented in table I and II When comparing between the periphery and the center, the mean values of the measurements did not reach statistical significance (all p>0.05) regardless of the group or location analysed.
When assessing the patients during contraction, although subjectively there were differences between the mean values obtained in the central and peripheral muscle, both in group A and B (in the right and the left muscle), there was a significant overlap of values, and the differences did not reach the statistical significance threshold (p>0.05). Similarly, the concatenated mean values of the center and periphery for contraction and relaxation did not reach the level of statistical significance, when comparing the right to the left muscle within each group (table III) . Results are shown as mean ± standard deviation Table III . ARFI means and standard deviations (m/s) from concatenated central and periphery in the groups' study. The comparative evaluation of the measured values in the relaxed state between the group A and B, and in the contracted state, did not find a statistically significant difference.
Right masseter Left masseter
For the entire group A, the mean values of the measurements were 1.79±0.52 m/s, and for group B 1.65 ±0.63 m/s. These findings had no disparity (p=0.78).
When testing the association, in group A, between the ARFI values and respectively the type of mastication (right / left) and gender, no relevant correlations could be made.
Discussions
The masseter muscle has a complex internal structure. It's a "feather" muscle, with three insertions originated at the level of the zygomatic arch, which outline the three components of the muscle (superficial, intermediate and profound). Distally the muscle is inserting to the angle and ramus of the mandible [16] . The internal inhomogeneity visible during the ultrasound examination is due to internal aponeurosis [16] identified as echogenic bands.
The direct evaluation of the physical processes that occur during muscle contraction is difficult under normal functioning. One reason is because inhomogeneous contractions, which occur in various parts of a complex muscle, produce different internal forces and regional changes in intramuscular pressure [17] . In addition, the fibers of a muscle, which is attached at an end on a tendon and distally on a bone surface, can be shortened by different degrees and at different angles [18] .
The main research regarding the ultrasound examination of the masticatory muscles and therefore the masseter consisted, until recently, of identifying the morphological changes, in B mode, associated with the spectrum of TMJ impairments [19, 20] . The masticatory musculature is frequently affected in this pathological context, in terms of functional efficiency, electrical activity and force of contraction [21] .
Recently, elastography was introduced as an examination method in the study of muscle physiology in normal and pathological conditions [22] [23] [24] [25] [26] .
For the problem investigated in the present research the most relevant of these studies was conducted by Kemal et al [22] . The authors used the Supersonic Imaging System to quantify the stiffness of the masseter muscle, and the values recorded were 10.4±3.7 kPa. The authors associated elevated elasticity with the male gender, without identifying a correlation between stiffness and age. However, compared to our study, the examination method does not describe the location of the muscle measurements and the number of values obtained / patient.
In the study conducted by Wen-Hsiu et al [27] , the system used was a Siemens S2000 coupled with ARFI elastography and SWV evaluation. The structures examined were the following muscles: sternocleidomastoid, scalene, trapezius and levator scapula. Mean values and standard deviations were found in the range of 0.96±-0.09 (sternocleidomastoid) -2.08±0.44 (trapezius), and were significantly different among the muscles investigated. The study identified that values correlated with the presence of neck pain symptoms in the case of the trapezius. No significant correlations were found between SWV and gender, age, body mass index, left and right Yoshiko et al described an interesting approach to the masseter muscle [28] . They used strain elastography (SE) and the Logiq E9 system (General Electric) in parallel with an MRI examination. They evaluated 10 healthy volunteers at rest after a muscular effort of 10 minutes and 10 minutes after the exercise. They concluded that after vigorous exercise muscle rigidity increases significantly.
The present research completes the above-mentioned studies and brings new information.
Although there is no evidence of the alternative damage to the various morphological components, both the superficial and deep structures of the muscle were evaluated. The importance of this lies in the assessment of the similarity of the two components in terms of elasticity. This observation has great practical application because the ARFI evaluation can thus be made in any of the muscle components, consequently reducing the need for numerous measurements. Finally this reduces the overall examination time.
However, the statement is relevant in the context of healthy patients, requiring further research, possibly in patients with TMJ pathology.
In addition, in agreement with the studies cited, we cannot identify a significant difference between the elasticity of the right and the left masseter muscles, in healthy or in post-irradiation subjects.
Muscle assessment was performed both at rest and during muscle contraction. The SWV values between the two states were similar. This study presents for the first time the SWV values for the masseter at rest, and can be regarded as a starting point for further research. One of the limitations of the study is that the contraction force was not evaluated objectively. Our results are important, however, even in this context, since there are no current studies evaluating the stiffness of the masseter muscle during contraction. Also, ARFI may develop into an independently standing method for selectively evaluating the contribution of the masseter and the temporalis muscle in the overall bite force. This may add to the quality standards of oral rehabilitation.
The lack of differences in the compared SWV between the two groups may be explained by two factors. One factor is revealed when reviewing the biological effects of radiation on the muscular tissue. The mature structures of human skeletal muscle show high resistance to radiation as morphological changes are concerned. In time necrosis may occur, following vascular and connective tissue disruptions [29] . Skin and muscle fibrosis is another side effect of radiotherapy. But its occurrence is late; some experimental studies using doses higher than those administered to patients in group B, described the development of muscle fibrosis at about five months after the radiation therapy [30] . Relating to the above, it is possible that the ARFI examination of group B occurred prior to the onset of morphological changes in the muscles. There is the alternative that the subtle muscle changes, in the early stage, are not recordable with ARFI. Another factor is that during radiation therapy planning and application, the temporal-manidibular joint, mandible, parotid and secondly the masseter were spared as much as possible. The overall ability to spare these structures was closely related to the extent and location of the nasopharyngeal tumor. The above mentioned factors represent limitations of our study, and require further evaluation. As the patients will be reevaluated one year after radiation therapy, these issues will be considered further. Also the lack of differences may be clarified if more evaluations are performed on patients receiving radiation therapy targeted more closely to the masseter region.
Given the differences in morphology between men and women, testing the correlation between the SWV and gender becomes important. Regarding the masseter, no statistically significant correlations were identified. Similarly there has not been identified a correlation between the SWV and the right or left masticatory predominance. We believe that this conclusion particularly requires validation by other studies on larger groups, because it may be a valuable criterion for assessing mastication imbalances in the future.
To summarize the above, we note that ARFI values in healthy and in particular postradiotherapy patients were stated for the first time, both in relaxation and contraction.
From the study, a standardised ARFI examination protocol for the masseter can be derived. Future investigators could concentrate only on the superficial component of the muscle, recording 10 valid measurements, during relaxation with ARFI, with respect to the general guidelines of the ARFI examination. We believe that measurements taken while the muscle is at rest could reduce the patient's discomfort and error factors such as muscular fibrillation. The latter statement is based upon the fact that subjects in both groups experience some degree of discomfort during prolonged and repeated muscular contraction. Muscular fibrillation was mostly encountered in Group B patients and this led to inadequate examinations.
Conclusions
In this preliminary study we used ARFI elastography with SWV for the first time with the purpose of determining the normal and the post-irradiation elasticity of the masseter muscles. The diagnostic value of the method is supported by its low user dependency compared with other methods. More studies are required on large groups of patients to validate the normal values. Radiotherapy induced changes should be further investigated.
